In order to study the difficulties experienced during sentence comprehension in a foreign language (L2), we investigated semantic and world knowledge information retrieval in L2 comprehenders. Event-related potentials (ERP) were collected in late learners of English whose native language is Spanish, performing a sentence reading task in English. We investigated the mean amplitude of the P2 and N400 ERP components elicited by the critical word of sentences in three conditions: (1) correct; (2) semantic violation; (3) world knowledge violation (semantically acceptable but factually untrue). In the N400 window, ERP modulations elicited by semantic and world knowledge violations had similar amplitudes, as previously observed in L1 comprehenders. However, semantic violations failed to modulate P2 mean amplitude as it did in native speakers. These results suggest that, whilst L2 and L1 readers similarly integrate world knowledge and semantic information, L2 readers lack fast semantic access at around 200 ms after the onset of a critical word.
Introduction
Speakers of a foreign language often experience comprehension difficulties while listening to or reading in their second language (L2). These difficulties may stem from different sources, revealing imperfect representations at different levels, e.g., phonological, syntactic, or lexico-semantic (Soares & Grosjean, 1984; Weber-Fox & Neville, 1996; Hahne, 2001; Hahne & Friederici, 2001; Weber-Fox et al., 2003; Sanders & Neville, 2003; Moreno & Kutas, 2005; FitzPatrick & Indefrey, 2010) . Furthermore, and given the fast rate at which natural language is experienced, problems circumscribed at any of these levels may percolate to other levels, thus having an impact on overall language comprehension. For example, difficulties during speech segmentation can slow down lexical retrieval. Many researchers have explored these difficulties in order to understand how L2 comprehension departs from native processing (see Moreno et al., 2008 for a review). In the present study, we contribute to this aim by assessing how L2 comprehenders retrieve and integrate world knowledge during sentence comprehension.
Thirty years of research have repeatedly reported ERP modulations when reading or listening to sentences in which a critical word violates the semantic integrity of the message (see Kutas & Federmeier, 2011 for a review). It is widely acknowledged that the N400 ERP component, a negative deflection peaking at around 400 ms after stimulus onset, increases in amplitude when the stimulus (e.g., a critical word in a sentence) is semantically incorrect as in "I take my coffee with cream and dog" (Kutas & Hillyard, 1980) . Thus, the N400 is considered an index of semantic integration difficulty during sentence processing, and the larger the semantic anomaly, the larger the N400 amplitude (see Kutas & Federmeier, 2011, Moreno et al., 2008 for reviews).
Retrieving literal semantic information is crucial for language comprehension, but retrieving factual knowledge about the world and integrating it with the former is obviously critical also. Indeed, comprehenders do not only need to access semantic information, they also need to check whether such information is compatible with world knowledge in order to make sense of the message. Such a process allows us to realise that the sentence "I like to have a glass of wine before sleeping" is unacceptable if it is said by a child (cf. van Berkum et al., 2008) , or to realise that someone saying "In New York the taxis are green" is lying or confused (cf. Hagoort et al., 2004; Martin et al., 2014) . Hagoort and collaborators (2004) investigated the time-course of world knowledge integration using the N400 component commonly associated with semantic integration (Kutas & Hillyard, 1980) . In their study, participants were asked to read sentences containing either a world knowledge or a semantic violation. They compared the ERPs elicited by the critical words that completed sentences in three conditions: (1) correct and true sentences as "In New York the taxis are yellow" (critical word in italics); (2) sentences with world knowledge violations as "In New York the taxis are green". The sentence is semantically correct in the sense that taxis can be green but it is in conflict of our knowledge of the world; (3) sentences with semantic violations as "In New York the taxis are sour" in which it is not only false that in New York taxis are sour, it is impossible. Our knowledge about the words of a language and their meaning makes us realise that this last sentence is incoherent (Marslen-Wilson et al., 1988; Hagoort et al., 2004) . Haggort et al. (2004) found that the N400 component elicited by semantic and world knowledge violations had a similar latency. They interpreted this result as suggesting that semantic and world knowledge information are integrated in parallel and online during language comprehension.
Following Hagoort and collaborator's (2004) seminal study, we recently investigated the time-course of world knowledge integration in English native speakers (Martin et al., 2014) . We compared the ERPs elicited by critical words in three conditions: (1) correct and true, e.g., "The football player Maradona was a forward in the Argentinean team" (critical word in italics); (2) sentences with world knowledge violations as "The football player Maradona was a goalkeeper in the Argentinean team"; (3) sentences with semantic violations as "The football player Maradona was a dress in the Argentinean team". Similarly to Hagoort and collaborators (2004) , we observed that the words "goalkeeper" and "dress" in the example above are detected as violations with a similar latency. Thus, native comprehenders appear to retrieve lexico-semantic information (indexed by semantic violations) and integrate such information with world knowledge (indexed by world knowledge violations) simultaneously, at around 400 ms after the critical word onset (i.e., the time range of the N400 ERP component; Martin et al., 2014; Hagoort et al., 2004) . Importantly, our study also revealed effects of literal semantic access as early as 200 ms after the onset of the critical word. That is, semantic violations (but not world knowledge violations) modulated the P2 as compared to correct sentences. P2 mean amplitude was significantly smaller for semantic violations compared to both world knowledge violations and correct sentences (those two conditions did not differ). Therefore, native comprehenders appear to benefit from semantic access and contextual integration before they take into account world knowledge (see also Martín-Loeches et al., 2004; Landi and Perfetti, 2007; Penolazzi et al., 2007; Pinheiro et al., 2010; Regel et al., 2010) . Such P2 event modulation by semantic violation has been reported previously in several studies. In a sentence reading task, Pinheiro and colleagues (2010) reported smaller P2 amplitude for semantically incongruent as compared to congruent critical words. Penolazzi and collaborators (2007) also observed effects of semantic context integration around 200 ms after the critical word onset during sentence reading (see also Landi and Perfetti, 2007) . Using eye-tracking, Rayner and colleagues (2004) Warren & McConnell, 2007; Warren et al., 2008) .
Here, we explore the presence of such effects in a foreign language (English). P2 was used as an index of fast (early) literal semantic access. N400 was used as an index of simultaneous integration of semantic and world knowledge information integration.
Previous research suggests that L2 sentence comprehension significantly departs from native sentence comprehension. For instance, N400 modulations elicited by semantic violations tend to be smaller in L2 than L1. Hahne (2001) found a reduced N400 effect in participants reading in L2 as compared to matched controls reading in L1. In a within-group comparison, proficient language of a bilingual, an effect also reported in highly proficient bilinguals (Proverbio et al., 2002) . Semantic processing (as indexed by semantic violation) may thus proceed differently in a first and second language (see Moreno et al., 2008 for a review).
However, several studies failed to show differences in N400 amplitudes between L1 and L2 semantic processing (see for instance Moreno & Kutas, 2005 , Weber-Fox & Neville, 1996 . As suggested by Moreno et al. (2008) , it is important to start investigating other aspects of semantic processing than those characterised by violations, especially in the field of bilingualism. Our study makes a first step in that direction by exploring world knowledge retrieval and integration.
The current study has two main aims: First, there already is evidence that L2 readers do not use contextual information as L1 readers do when sentences do not contain outright literal semantic violations (see for instance Kaan, 2014; Martin et al., 2013) . With this study, we propose to go a step further by investigating world knowledge violations. Second, we set out to characterise early semantic access in L2 sentence comprehension. More specifically, we test whether L2 readers benefit from early semantic access in the P2 time-window before stages of integration between word meaning, paralinguistic information, and long-term memory representations (N400 time-window), as it was shown in L1 readers (Martín-Loeches et al., 2004; Landi and Perfetti, 2007; Penolazzi et al., 2007; Pinheiro et al., 2010; Regel et al., 2010; Martin et al., 2014) .
Our main hypothesis was that L2 comprehenders might not be able to integrate semantic and world knowledge information online as has been observed in L1 comprehenders.
If so, one would expect ERP modulations associated to world knowledge violations to appear in a later time-window than literal semantic violations (expected to elicit N400 modulations). This means that significant differences in ERP mean amplitudes between semantic violations and correct sentences should be found in the N400 time-window, whereas amplitude differences between world knowledge violations and correct sentences would appear in a later timewindow. Moreover, we anticipate lesser efficient semantic integration in L2 readers, and therefore ERP modulations by literal semantic violations to be limited to the N400 timewindow, with no measurable P2 modulation.
Material and Methods

Participants.
Eighteen late Spanish-English bilinguals (11 females; 21.7 years ±2.8) who learned English mainly at school (mean age of first exposure to English = 7.4 years ±2.4) took part in the experiment. They were administered the Essex L2 test to assess their English vocabulary knowledge (mean proportion of correct responses = .72 ±.16) and they self-rated their English reading proficiency on a five level Likert scale (from 1 = "low proficient" to 5 = "high proficient", Median = 4). All participants gave written consent to take part in the study that was approved by the ethics committee of Bangor University, Wales, UK.
Task and procedure.
Stimuli consisted of 120 sentences with three different versions such as "Before the age of eight, children start to read/smoke/bark and to write." (critical words are in italics; see Table   1 for more examples). The first version of this sentence is semantically acceptable and true. The second version is literally correct but factually false (world knowledge violation). The third version elicits a semantic violation. Three lists of 120 sentences were created, each of them containing 40 correct sentences, 40 sentences with world knowledge violations and 40 sentences with semantic violations. Each sentence context was used only once per list. Each of the three versions of a sentence was used once among the three lists with participants randomly assigned to each list. The 120 sentences were mixed with 120 filler sentences, which were not analyzed.
Filler sentences were semantically and syntactically congruent and did not refer to common or general knowledge (e.g., "Peter waited for Anna because he wanted to speak to her"). The order of sentences was pseudo-randomised across participant. The critical word in correct sentences was neither the only possible candidate nor the most expected candidate. For instance, the sentence "Before the age of eight, children start to…" can be completed with the verbs speak, walk, go to school, read, etc. A Cloze probability 1 rating test was administered to 22 Spanish-English bilingual participants who did not participate in the experiment, and who had similar levels of English as the L2 participants of the ERP experiment.
The critical word of correct sentences had an averaged cloze probability of 8.9% ±1 and was, on average, the third most expected word (Average cloze probability of the first and second best completions: 35.2% ±1.3 and 15.6% ± .6 respectively). The critical words of sentences with world knowledge violations and semantic violations had an averaged cloze probability of 0%. In addition, the critical word was never the last word of the sentence (averaged number of words following the critical word = 2.5 ±1.0). The critical words were matched across conditions on the following criteria: average length in characters (p = 0.90) and syllables (p = 0.62), log word frequency (p = 0.17), concreteness (p = 0.23), imageability (p = 0.20) and word class (equated within each pair; see Table 2 for numerical values). Finally, working memory requirements were balanced between semantic and world knowledge violations: The distance between the violation and the word in the sentence that revealed the violation did not significantly differ 1 Cloze probability of a word in a particular sentence is defined as the percentage of time it is produced by a group of participants asked to complete the sentence.
between conditions (3.6 ± 1.6 words in the WK violation condition; 3.4 ± 1.5 words in the semantic violation condition; t-test: p = 0.18). Each sentence was presented one word at a time (200 ms duration and 500 ms Stimulus Onset Asynchrony) in the centre of a CRT monitor. Sentences were separated by a fixation cross displayed for 800 ms. The instruction was to read each sentence silently and answer yes or no to the comprehension question, when applicable, i.e., in ¼ of the trials, by pressing designated buttons on a response pad. The latter quiz test ensured that participants processed sentence meaning during silent reading.
In order to take into account individual world knowledge in data processing, a surprise follow-up test was administered at the end of the experiment. The goal of the test was to determine which sentences were true or false for each individual (since semantic violations were obvious violations, sentences featuring such violations were not rated in the follow-up test).
ERP data analyses were conducted based on individual truth-value assessment (rather than that pre-defined by the experimenter when creating the material). The 40 true and 40 false sentences used during the experiment were presented on the screen, one at a time, along with a rating scale (in a randomized order). Participants had to rate each sentence as true or false by pressing "1" or "2". They had to press "3" if they did not know if the sentence was true or false and "4" if they could not decide because the sentence was meaningless.
Electrophysiological recording and data analyses.
Electrophysiological data (EEG) were recorded using a Brain Vision Recorder (version 1.10; Brain Products, inc., München) in reference to an electrode placed on the participant's nose at a frequency rate of 500 Hz from 31 tin electrodes placed according to the 10-20 convention (Jasper, 1958) . Vertical and horizontal electrooculograms were recorded simultaneously with EEG. Impedances were kept below 5 kOhm. EEG activity was filtered offline with a 30 Hz (48 dB) low-pass filter and a 0.1 Hz (12 dB) high-pass filter. Eye-blink artifacts were mathematically corrected using the procedure recommended by Gratton and Coles (1989) , implemented in Brain Vision Analyzer 2.0 (Brain Products, inc.) and any remaining artifacts were manually dismissed. Epochs ranged from -100 to 700 ms after the onset of the critical word. Baseline correction was performed in reference to pre-stimulus activity (from - 
Results
Behavioural results
Accuracy in the quiz test was of 87.0% ±8.5. In the follow-up test, participants rated 79% ±3 of correct sentences as true (8% ± 2 as false and 13% ± 2 as "Don't know"). They rated 71% ± 4 of WK sentences as false (10% ± 2 as true and 19% ± 3 as "Don't know"). In order to take into account individual world knowledge, four ERP conditions were computed: (1) correct sentences: average of all sentences individually rated as true in the follow-up test; (2) world knowledge violations (WK): average of all sentences individually rated as false in the follow-up test; (3) "don't know" sentences (DK) for which participants had insufficient knowledge to make a decision; and (4) semantic violations (SV). Overall, 30% ± 4 of the sentences were considered as correct, 26% ± 5 as WK, 10% ± 6 as DK, and 33% ± 0 as SV. Among the 30% of sentences considered as correct, 89% ± 2 were originally true and 11% ± 2 were false. Among the 26% of sentences considered as world knowledge violations, 90% ± 2 were originally false and 10% ± 2 were true. Among the 10% of sentences of the Don't know condition, 43% ± 5
were originally true and 57% ± 5 were false. Individual assessment varied across sentences. In 13% of the cases, experimenter and individual assessments converged maximally for correct sentences and world knowledge violations (rated as True or False, respectively, by all except one participants). In 8% of the cases, correct sentences were rated as True and world knowledge violations were rated as False by less than half of the participants (mostly "Don't know" answers). These observations lead to computing averages based on individual assessment rather than experimenter knowledge. Note that sentences were re-categorized based on individual participants' ratings (rather than average rating from all participants).
When each condition was computed taking into account individual assessment, the critical word of true sentences had an averaged cloze probability of 7.9% ± .4. The critical words of sentences with world knowledge violations and semantic violations had an averaged cloze probability of 1.2% ± .3 and 0% respectively. The critical words of "Don't know" sentences had an averaged cloze probability of 5.4% ± 1.6.
ERP results
ERP were computed on the basis of individual assessment and after dismissal of trials with artifacts. The average percentage of data excluded due to artifact rejection was 4.4% ± 6.6 for the True condition, 4.1% ± 6.0 for the False condition and 4.1% ±6.3 for the SV condition.
Because of a small number of epochs and large inter-individual variability, the "Don't know" sentences were not included in the ERP analysis. Table 3 shows the ANOVA results on P2 and N400 mean amplitudes. Figure 1 depicts the ERPs elicited by correct sentences, semantic violations and world knowledge violations. 
P2 time-window
The ANOVA performed on the P2 mean amplitude did not reveal any significant effect or interaction (see Table 3 for statistical results and Figure 1 ). The mean amplitude of the P2 component was neither modulated by semantic or world knowledge violations 2 .
N400 time-window
The ANOVA performed on the N400 mean amplitude revealed a significant effect of condition. No other effect or interaction reached significance (see Table 3 for statistical results
and Figure 1 ). Post-hoc analysis of the condition effect (Bonferroni test) revealed that both conditions with violations differed from the correct sentence condition. The N400 mean amplitude was larger for sentences with world knowledge violations than correct sentences (p = .03). The N400 was also larger for sentences with semantic violations than correct sentences (p = .009). The two conditions with violations did not significantly differ (p = .58).
Between-group comparison
For the sake of completeness, we performed an ANOVA with the same within-subject factors and with group as a between-subject factor. This allowed us to make a direct comparison between the ERP results obtained in the present group of L2 comprehenders and the ones previously obtained in a group of L1 comprehenders. As reported in Martin et al. (2014) , this control group was made of 18 native English speakers who performed the exact same task, following the same procedure.
The results of the ANOVA performed on P2 mean amplitudes are reported in table 4 (see also Figure 2 for a comparison of ERP waves in L2 and L1 comprehenders from Martin et al., 2014) . There was a main group effect showing that the P2 component was significantly larger in L1 than in L2 comprehenders. Furthermore, we observed the expected condition x group interaction: The P2 was significantly smaller for semantic violations than the two other conditions in L1 comprehenders (see Martin et al., 2014) whereas its mean amplitude was neither modulated by semantic nor world knowledge violations in L2 comprehenders. There was also a significant region x group interaction showing that P2 was larger over frontal than parietal regions in L1 but not L2 comprehenders.
Results of the ANOVA performed on N400 mean amplitudes are reported in table 5 (see also Figure 2 ). There was a main group effect showing that the N400 was significantly larger in L1 than in L2 comprehenders. Furthermore, there was a significant effect of condition and a significant condition x hemisphere x group interaction. Post-hoc analyses (Bonferroni test)
confirmed previous results reported in L1 comprehenders: The three conditions significantly differed over both hemispheres. Furthermore, the N400 component was larger over the right hemisphere in semantic violations but not in the two other conditions (see Martin et al., 2014) .
In L2 comprehenders, correct sentences significantly differed from the two other conditions over both hemispheres. Semantic and world knowledge violation conditions did not differ neither over the right nor the left hemisphere. Moreover, the N400 mean amplitude did not differ between the two hemispheres in none of the three conditions. 
Discussion
We assessed semantic integration in bilingual participants reading in their L2 to characterise the interplay between world knowledge and word meaning integration. In particular, we tested whether or not these two types of information are integrated in parallel as in the case of L1 comprehension (Martin et al., 2014; Hagoort et al., 2004) . To answer that question, we investigated the ERP N400 elicited by the critical word of sentences in three conditions: (1) correct sentences; (2) sentences with semantic violations; (3) sentences with world knowledge violations. We also investigated P2 modulations since they have been shown sensitive to fast literal semantic access in L1 comprehension (Martin et al., 2014; Landi and Perfetti, 2007; Penolazzi et al., 2007; Pinheiro et al., 2010) .
The N400 was significantly larger for semantic violations and world knowledge violations as compared to correct sentences and we found no difference in the P2 range. Whilst the N400 result is similar to that previously reported for L1 comprehension (Martin et al., 2014; Hagoort et al., 2004) , the absence of a P2 modulation contrasts with the previously reported differences between semantic violations and both world knowledge violations and correct sentences (Martin et al., 2014 ; see Figure 2 ).
N400 time-window
Perhaps the most interesting result of our study is the observation that the timerelationship between world knowledge and semantic integration is qualitatively similar in L2
and native sentence comprehension. This result suggests that L2 comprehenders -just like native comprehenders (Hagoort et al., 2004; Martin et al., 2014 )-simultaneously integrate semantic information about words and world knowledge information with the preceding sentence context in the course of language processing. Thus, we conclude that comprehenders of a second language use information from different sources in parallel to make sense of the message (see Kelly et al., 2004; van Berkum et al., 2008; van den Brink et al., 2012; Hagoort et al., 2004; Martin et al., 2014 for similar argument in native speakers). Thus, difficulties in L2 comprehension cannot merely result from relatively slower integration of world knowledge during sentence comprehension.
Nevertheless, N400 modulation was greater for semantic than world knowledge violations in previous studies of L1 comprehenders (Hagoort et al., 2004; Martin et al., 2014) .
One can speculate regarding the similar N400 magnitude observed for the two types of violations in the present study. First, it could be that L2 comprehenders are less sensitive to semantic violations than L1 comprehenders because of their relatively lower proficiency in the language. This would be reflected in a smaller N400 effect for semantic violations, making the effects of semantic and world knowledge violations more similar. However, we did not find significant correlations between L2 proficiency and N400 effect magnitude (all ps>.46 for correlations with Essex scores, English reading proficiency and mean age of first exposure to English). One can also speculate that L1/L2 N400 effect differences relate to a different organisation of -or access to-L1 and L2 long-term semantic memory representations (see Federmeier and Kutas, 1999a,b; Federmeier et al., 2002; Martin et al., 2014) . Because of the organisation of long-term semantic memory, a specific sentence context primes various entries of a semantic field. When the critical word is encountered, the closer it is to the activated semantic field, the lower the N400 deflection elicited. In other words, the N400 is mostly sensitive to semantic relatedness between the critical word and previous words in the sentence context (that is, lexico-semantic priming). Indeed, N400 effects are usually smaller for withinthan between-category violations (Federmeier and Kutas, 1999a,b; Federmeier et al., 2002) .
Here, world knowledge violations can be compared to within-category violations (relatively strong lexico-semantic priming since world knowledge violations concern a given semantic domain). On the other hand, semantic violations can be assimilated to between-category violations (relatively weak lexico-semantic priming since semantic violations require no relationship between critical word and sentence context). Long-term memory organisation could thus explain the relatively smaller N400 effect observed for world knowledge violations in native speakers (Martin et al., 2014) . Assuming that sentence context does not similarly prime semantic fields in L2 comprehenders, within-and between-category violations become more comparable, yielding similar N400 modulations. Thus, a critical difference between L1 and L2 sentence comprehension would be that L2 sentence context does not lead to semantic field priming, and thus does not lead to facilitated within-category word integration. This assumption will need testing further in studies of within-and between-category violations in second language comprehension. We note that the absence of a differential N400 effect between semantic and world knowledge violations in L2 is a null result that could be due to a lack of statistical power.
P2 time-window
Martin et al. (2014) reported an early effect of semantic violations in the P2 time window (see Landi and Perfetti, 2007; Penolazzi et al., 2007; Pinheiro et al., 2010 for similar early semantic effects) which they interpreted as a sign of early discrimination between information that is semantically interpretable or contextually meaningless, before world knowledge is taken into account. Based on the framework of long-term memory organisation presented above, this would mean that semantic (between-category) violations would be quickly recognized as contextually meaningless and integrated differently from within-category violations and correct critical words (which are both semantically interpretable) as early as 200 ms after critical word onset. Assuming that semantic field priming from sentence context is absent in L2 comprehension, no difference should be observed between the different conditions in the P2 time-window, which is what we observed. Nevertheless, one cannot exclude the possibility that early discrimination between semantically interpretable and contextually meaningless information exists in L2 comprehension but is delayed. In that case, the process would take place later and resulting ERP modulations would be spill over to N400 timewindow. Therefore, word integration during L1 sentence comprehension seems to unfold in two phases: First, early discrimination between what is contextually meaningful and what is not, leading to between-category (semantic) violation detection. Second, word meaning, paralinguistic information, and long-term memory representations are integrated so that the truth-value of sentences is appreciated (see Forster, 1979) . In this framework, L2 comprehension difficulties may thus be accounted for by absent (or slower) primary semantic integration in L2. We would expect eye-tracking studies to validate this hypothesis by showing that fast and early disruptive effects of semantic violations on eye movements are absent in L2 (Rayner et al., 2004; Warren & McConnell, 2007; Warren et al., 2008) .
Hemispheric differences between L1 and L2 comprehenders
The N400 recorded in L2 comprehenders had a bilateral distribution in the three conditions (we found no effect of hemisphere and no hemisphere x condition interaction).
However, Martin et al. (2014) showed that N400 elicited by semantic violations was larger over the right hemisphere. A possible interpretation of this difference may be that L1 comprehenders benefit from higher levels of hemispheric specialisation for semantic information retrieval and integration as compared to L2 comprehenders (cf. predictive versus integrative processing theory; Federmeier and Kutas, 1999b; Kutas and Federmeier, 2000; Wlotko and Federmeier, 2007; Federmeier et al., 2008) . Possible differences between L1 and L2 comprehenders in terms of the neural organisation underlying semantic integration awaits further investigation (see Ardal et al., 1990; Proverbio et al., 2002; Moreno et al., 2008) .
Conclusion
L2 comprehenders -like L1 comprehenders-retrieve and integrate semantic and world knowledge information in parallel during sentence comprehension. Comprehension difficulties in L2 cannot be simply attributed to a delay in world knowledge integration but rather the absence of fast literal semantic access, such as that observed in L1 comprehenders.
